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10DISrevealing atmospheric moisture details as never befor
1 km MODIS WV (left) & 4x8 km GOES WV (right)
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Four Panel Zoom of Cloud-Free Orographic Waves
revealed in Water Vapor |magery
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MODIS (PFM) Performance | ssues
University Wisconsin; June 2000

PERFORMANCE IMPACT REMEDIATION
|ISSUE
Scan Mirror RVSin PC | Confounds CO2 high Adiust RVSLUT

Bands

cloud test in Cloud Mask

SWIR/MWIR Electronic
Xtak

Snow, thin cirrus
detection in Cloud Mask

Minimize Xtalk; apply
Influence coefficients

PC Band Optical Cloud mask, cloudtop  |Adjust PC_XT LUT
Crosstalk pressure

5um Thermal Leak into | Thin cirrus detectionin | Determine on-orbit
SWIR Cloud Mask correction coeffs LUT

3.9um and 11um
radiometric accuracy

Cloud Mask is missing
low cloud, esp at night

?

Polarization Effectsin
Band 29(?)

Cloud Phase becomes
less certain

?

1.6um “dead” detectors
and detector striping

“Imager” Quality

Flag “dead” detectors;
apply detector correction




PFM Scan Mirror Reflectance M easurement

Average Reflectance
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Average of SNO3 and SN04 Samples; Measurement #1

Scan Mirror RVSin PC Bands
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Band 29 (8.6um)
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Band 31 (11um)
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Band 35 (13.9um)
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VIODISIR Cal/Val from ER-2
Feb - Mar 2000

_ MODIS
SR MAS  pyrpose: Validate MODIS L1E

S-HIS
eTransfer S-HIS cal to MAS

*Collocate MODIS FOV on MAS
*Remove spatial, spectral and
viewing geometry dependencies

MODIS MAS Emissive Band Calibration Compariscns
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GOES-& IMAGER CH 4 MARCH 15. Z000 18152 MODIS CH 31 MARCH 15, 2000 16352

Lon  Satellite  [Pixels  [Mnimum  |Maximum  [Mean [ Stn. Dev
GOES-8 Ch 4 10201 53. 804 = 138. 341 = 100. 947 = 3. 524
I i N T 293,75 1
MODI S Ch 31 10201 65. 755 = 127.012 = 103. 660 = 3.612
Rl B - T
717 i i
| a7 s 278.17 K 295. 41 K 293.74 K
MODI S Ch 31 10201 67.991 = 108. 405 = 105. 558 = 2. 731
R S 55 T
o107k | baa o o
a7 s 281.07 K 294.81 K 291.15 K
MODI S Ch 31 10201 87.851 = 107. 27 = 101.823 = 4,112
R S - T P P
GOES-8 Ch 4 10201 20. 142 = 102. 766 = 85. 643 = 23.516
MODI S Ch 31 10201 20. 086 = 105.899 = 87.879 = 25. 055
e e B et [k




Detecting Clouds (I R)

R Window Brightness Temperature

Nreshold and Difference Test:

R tests sensitive to sfc emissivity and atm PW, dust, and aerosols

3T11<2/0

3T11 + aPW * (BT11- BT12) < SST
3T11 + bPW * (BT11- BT8.6) < SST

aPW and bPW determined from lookup table as a function of PW

vinter

02 Channel Test for High Clouds

3T3.9 - BT11 > 8 indicates daytime low cloud cover
3T11 - BT12 > 2 (rel for scene temp) indicates high cloud
3T11 - BT6.7 large neg diff for clr sky over Antarctic Plateau

3T13.9 < threshold (problems at high scan angle or high terrain)



Detecting Clouds (vis)
eflectance Threshold Test

3.9 > 6% considered to be cloudy and < 3% considered to be snow.
yroblems in bright deserts

Near IR Thin Cirrus Test

1.38 > threshold indicates presence of thin cirrus cloud
imbiguity of high thin versus low thick cloud (resolved with BT13.
yyoblems in high terrain

eflectance Ratio Test

.87/r.66 between 0.9 and 1.1 for cloudy regions
nust be ecosystem specific

Now Test
N\DSI = [r.55-r1.6]/ [r.55+r1.6] > 0.4 and r.88 > 0.1 then snow



5 um image 0.86 um image 11 um image 3.9 um image cloud mask

"

ODIS Cloud Mask (high confidence clear is green, confident is blue, uncertain is red, cloudy is whit
ow test determines which spectral tests/ thresholds are used. Vistest is not used over snow-covered
as (shown as black). 3.9-11 pm test finds primarily low clouds. 11-12 pm test primarily finds high
uds. 13.9 um test is causing uncertainty in colder regions (should improve with stable calibration).
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Visible Composite Clear-sky Valuesfor 4-7 May 2000
Derived from the MODI S Cloud M ask




Changes and/or fixesto MODIS Cloud M ask code through 6/1/2000 at UW SCF

1. Land/snow/sun-glint bug

2. Added call to set_ga bit for test bit #25 (allows result of test #25 to be seen)
3. Added 11-12 pm thin cirrus test to night land and ocean

4. Added spatial variability test to daytime oceans poleward of 60)

5. Modified NDSI test processing:
must have positive NDSI and ancillary snow/ice for all oceans
same for land between —60 and +25 latitude

6. Output clear-sky radiance data for day, land, (geometric) sun-glint regions
7. Turned off CO, test poleward of 60 degrees |atitude

Upcoming Cloud Mask I nvestigations/M odifications
1. Sun-glint regions
2. Warm cloud scenes in arid ecosystems, day and night
3. Antarctica
4. Low-level clouds on land at night
5. Snow/ice surfaces at night
Items 3-5 very subject to calibration changes



CLS, HIRS, and Raob cal/val of MODI S cloud properties

On March 12, ahigh-altitude research aircraft (ER-2) flew under the Terra spacecraft asit traversed
central North America from north to south. Part of the ER-2 flight track (yellow line) is shown,
superimposed on the MODI S 0.86 pm image from 17:10Z. This scene is the same one as shown in
‘he cloud top properties examples. The cloud mask result isimportant input to the MODI S cloud top
properties algorithm. Note that the mask properly discriminates snow from cloud in amost all
cases. Aircraft nadir-viewing LIDAR cloud top pressures from the CLS (Cloud Lidar System) on
board the ER-2 are compared to MODIS retrievals. LIDAR cloud top pressure values are shown in
the histogram. The red line in the above image shows the approximate coverage area of the CLS
data. Histograms of MODI S cloud top pressure retrievals are compared with NOAA-14 HIRS
(CHAPS) vaues from the same region. The CHAPS (Collocated HIRS and AVHRR ProductS) data
were collected about 3 hours later in the day.

Thereis generally good agreement between LIDAR and MODI S results but note that the LIDAR
covers a much smaller areathan MODIS. The LIDAR is capable of sensing very thin cirrus clouds
shown by the solid bar at 300-399 mb which is largely missing from the MODI S results. Good
agreement is also seen between MODIS and CHAPS, where the smaller FOV of the MODI S leads
to more clear-sky values. A comparison between CHAPS and MODI S cloud effective emissivities
reveals good agreement between the two, with MODI S finding more clear-sky scenes due to higher
gpatial resolution.

A sounding taken at the CART Site beginning at 17:29Z reveals arapid increase in dew point
depression at approximately 450 mb. This agrees with the peak frequency of cloud top pressuresin
both the MODIS and CHAPS histogram.



WIDES Claud Wusy

ER-2 flight track on Associated cloud mask
MODIS 0.86 umimage from 1710 UTC

(ER-2) flew under the Terraon March 12, 2000 (W1SC-T2000 Field Experiment)
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ODIS infrared image over the Indian Ocean
1805 UTC on April 1, 2000
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oft figure iIsMODIS TPW from 420 UTC (algorithm is regression based and uses no sfc ok

Ight is GOES Sounder TPW from 400 UTC (simultaneous physical retrieval of T and g us

‘c obs and NWP model first guess). Similar values and gradients are evident (corr coeff 0.
Both capture the most moist regions in eastern and western lowa.

Thelarge “30” isthe precipitable water value from the 00 UTC Chanhassen , MN raob.
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VIODISretrieval isregression-based and uses no surface obs, GOES simultaneous physica
rieval and uses surface obs and NWP model output as afirst guess. Qualitatively, the two ¢
In good agreement with the exception of the near-surface levels.



Early MODIS Science Products: Cloud Mask, Cloud Properties and Atmospheric Profiles
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Cloud Mask Comparisons of MODI'S Cloud Top Properties to Other Data

Composite Clear-sky V aues Derived
from the MODIS Cloud Mask LIDAR, HIRS, RAOB from March 12, 2000 (WISC-T2000 Field Experiment)
May 4-7, 2000

North American Scene from 17:10Z April 8, 2000
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MODIS atmospheric investigations at UW

1 km WV
IR cal comparison with MAS and GOES

1.38 um thin cirrus detection
multi-spectral cloud mask

cloud heights with CO2 slicing
cloud phase with tri-spectral window
TPW with sounding channels

36 channel AVHRR or 1 km HIRS

UW MODIS QA web site and linksto data examples
http://cimss.ssec.wisc.edu/modisl/modisl.html



